Introduction {#s1}
============

Osteoclasts resorb bone in response to PTH (parathyroid hormone) by developing a ruffled border on the interface with the bone surface, and start secretion of hydrochloric acid. This strong acid demineralizes the bone matrix and organic components, and meanwhile increased release of bone inductive proteins (BMPs and insulin like growth factors) take place, which promote differentiation of osteoblasts and new osteoid secreti ([@b1]). For patients who are treated with bisphosphonates for some bone diseases such as cancer, Paget disease and osteoporosis; this normal biological action of osteoclasts is disturbed by this medication. When BP is ingested by osteoclasts; it causes a loss in osteoclasts' normal ruffled border and then a retraction from the bone's surface following by its death. So the old bone is not removed and new osteoid bone is not formed ([@b2]). The high uptake of bisphosphonates in the alveolar bone is due to the high remodeling rate of this bone which is subjected to high occlusal loads. In this regard, before starting this medication, patients must be referred to a dentist, who can eliminate existing pathology and extract teeth which are non-restorable or periodontaly unsalvageable. Any invasive procedures for patients taking bisphosphonates increase risk of osteonecrosis of the jaw ([@b3], [@b4]).

Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is defined as the exposure of the bone in the maxillofacial region more than 8 weeks in patients who are under bisphosphonate treatment without any radiation treatment, and who have a previous dental surgery including dental implant placement ([@b4], [@b5]). Bisphosphonates can be divided into two groups; nitrogen-containing group (Pamidronate, Alendronate, Residronate, Ibanderonate, Zoledronate), and nonnitrogen containing group (Etidronate, Tiludronate). Generally all bisphosphonates have P-C-P chain which is necessary for irreversible binding to hydroxyapatite, causing it not to be able to be hydrolyzed by any enzyme which makes the half-life of bisphosphonate in bone matrix for more than 11 years. And, for patients who are taking nitrogencontaining bisphosphonates which are more potent and more toxic, they present a higher incidence of BRONJ ([@b2], [@b4], [@b6]). According to the randomized studies the overall incidence of ONJ was 0.83% with an approximate time-dependent rate of 1% per year, but this result could be underestimated because of the different methods used for data collection ([@b4]). In other studies; incidence of ONJ at 0.7 cases of 100000 people per year were detected for oral bisphosphonate ([@b7], [@b8]). According to American Dental Council dental care, non-invasive dental treatment reduced the incidence of BRONJ ([@b9]). Dental implants are one of the dental treatment procedures that depend on a balanced bone metabolism for the success of osseointegration and for normal bone remodeling when they are loaded. We need to take into consideration the patient's medical history with high care depending on how long the bisphosphonate was used, and how the amount and the route of the doses were taken.

Bisphosphonate and dental implants {#s1a}
----------------------------------

There's no clear relationship between bisphosphonate and osteointegration of dental implants. Bisphosphonates increase mechanical stability of implants if used locally and at the same time increase the risk of osteonecrosis of the jaw if used systemically. Bisphosphonates have different effects on bone repair sites and bone remodeling sites. Bone can be formed in the repair site, but this drug decreases bone formation to a similar degree of bone resorption in the remodeling site ([@b10]). That can explain the increased reverse torque values of fixation pins in patients who are given bisphosphonate in random clinical studies ([@b11], [@b12]). In 5 patients where bisphosphonate-coated implants were used, an increased stability and resonance frequency of the dental implants were noticed. On the other hand an increased risk of osteomyelitis was found present when the bisphosphonate-containing bone did not resorb before the healing phase was completed ([@b13]). Skoglund et al.([@b14]) applied bisphosphonates locally in the screw holes, which resulted in as an increased fixation of the screws in rats. Similar to this study, early bone formation and elevated removal torque values were observed around ibandronate treated Ti-32Nb-5Zr alloy dental implants ([@b15]).

Due to these contradictory trials between human and animal studies, bisphosphonate treated implant surfaces need further investigation. Bisphosphonates, whether intravenous or oral, will be inhibiting osteoclastic bone resorption and hence bone turnover ([@b2], [@b5]). Oral bisphosphonates differ in 3 ways from those induced by IV; (i) longer period of exposure to bisphosphonates is needed before exposed bone is developed, (ii) amount of exposed bone is smaller and symptoms are less severe, and (iii) di-continuation of oral bisphosphonate may lead to gradual improvement ([@b2]). Dental implant surgery is contraindicated for patients treated with intravenous bisphosphonates according to the American Association of Oral and Maxillofacial Surgeons guidelines ([@b5]).

Jacobsen et al.([@b16]) declared that the dental implant placement is contraindicated for IV bisphosphonate treated cancer patients, whereas for IV/oral bisphosphonate treated osteoporosis patients, dental implant surgery is not contraindicated. Significant improvement in ossteointegration and osteogenesis of dental implants were observed under the action of systemic bisphosphonates ([@b17], [@b18], [@b19]). Astrand et al.([@b20]) studied the relationship of different alendronate doses; and a decreased rate of resorption around unstable dental implants was observed when alendronate doses were increased. Based on the reviews, bisphosphonates are both dose and time dependent, which have a direct relationship with the possibility of osteonecrosis of the jaw ([@b2], [@b5], [@b21]). Holzinger et al.([@b22]), studied the interval of the development of BRONJ in patients that received dental implants. The study included 3 groups as; implants placed before BP treatment, implants placed during BP treatment, and implants placed after BP treatment. Accelerated development of BRONJ was found at the implants placed after or during BP therapy. According to the retrospective studies, there are no significant differences between BP-user patients and BP non-user patients in terms of implant failure, and there were no BRONJ case detected in any of these studies. Koka et al.([@b23]) compared implant survival rates between 121 implants placed at 55 post-menopausal BP user women and 166 implants placed at 82 postmenopausal BP non-user women in their study. Based on their data it was concluded that there was no need to give a drug holiday for post-menopausal BP user women. Memon et al.([@b8]) studied the osseointegration success for 153 dental implants placed for 100 BPuser women, where no significant difference was found compared to the control group (132 dental implants placed for 100 BP non-user women).

Bell et al.([@b6]) presented 95% success rate for 101 dental implants placed for 42 patients, who were taking oral bisphosphonates from 6 month to 11 year prior to dental implant surgery. Similarly in another study, where 515 dental implants were placed for 203 osteoporotic patients who received BP; no risk of implant failure and no BRONJ case were found after an average of 7 years follow up ([@b24]). Controversially, in a retrospective study (337 women; 1181 implants), odds of oral BP use was found 2.69 times higher in females for whom implants failed compared with other females whom implants did not fail, and the relationship between oral BP use and implant failure was found to be more stronger in maxilla than in mandible ([@b25]). In this context, Jacobsen et al.([@b16]) observed 12 of 14 patients with ONJ caused by BP medication after an average of 20.9 months of dental implant surgery. It was concluded that the dental implant insertions seemed to be the risk factor. In another case series study, 9 patients were clinically observed with BRONJ related to dental implant placement. BRONJ onset were initiated after an average of 60 months of drug usage and an average of 34 months after dental implant placement, where most lesions were observed around the mandibular implants ([@b26]). Diniz-Freitas et al.([@b27]) evaluated 20 cases of BRONJ, where all of these cases were receiving BP as an osteoporosis treatment.

7 patients had signs and symptoms of BRONJ, during the first 3 years of bisphosphonate usage since they were taking corticosteroids as a co-adjunctive treatment, which also increased the toxicity of bisphosphonates. BRONJ started between 36-132 months of bisphosphonate usage for the 13 of the patients and all included patients had a history of previous dental surgery or removable dental prosthesis. From published data it may be concluded that BRONJ appears after 3 to 4.5 years of oral bisphosphonate usage. But, because of multi factors that affect the incidence of ONJ, it's difficult to determine this time interval accurately ([@b27], [@b28]). Incidence of BRONJ depends on the dose, time and the way that it is taken. Concurrent bad oral hygiene, smoking, co-adjunct treatment such as corticosteroids, and female patients with menopause increases the risk of BRONJ ([@b2], [@b27]).

According to a systematic review in 2014, 8 studies (6 retrospective and 2 prospective) were included in a meta-analysis, with 1288 patients and 4562 dental implants. The results showed that implant success rate was not reduced when implants were placed for patients receiving BP, and not enough evidence were present for the negative impact of BP on dental implants ([@b7]). The conclusion of another systematic review in 2009 stated that the short-term (1-4 year) implant survival rate was not influenced by the oral BPs ([@b29]) ([Table 1](#table1){ref-type="table"}).

###### 

Human studies based on ONJ.

  -------------------------------------- ------------------------------------ ----------------------------------------- ----------------- ------------------------
  Author/Year                            Brand of drug/administration route   Medication period prior to complication   number of cases   number of cases of ONJ
  Holzinger et al. / 2014 ([@b22])       Zoledronic acid / IV                 83±50months                               NA                13
                                         Pamidronate / PO                                                                                 
                                         Ibandronate/ PO                                                                                  
                                         Alendronate/ PO                                                                                  
  Koka et al. / 2010 ([@b23])            Alendronate / PO                     \>60 months                               55                0
  Memon et al. / 2012 ([@b8])            Alendronate/ PO                      9 Years                                   100               NA
                                         Ibandronate/ PO                                                                                  
                                         Risedronate/ PO                                                                                  
  Bell et al. / 2008 ([@b6])             Alendronate/ PO                      6 months to 11 years                      42                0
                                         Ibandronate/ PO                                                                                  
                                         Risedronate/ PO                                                                                  
  Al-Sabbagh et al. / 2015 ([@b24])      Alendronate/ PO                      ≥3 years                                  20                0
                                         Ibandronate/ PO                                                                                  
                                         Risedronate/ PO                                                                                  
  Yip et al. / 2012 ([@b25])             Bisphosphonates/ PO                  6 years                                   1460              NA
  Jacobsen et al. / 2013 ([@b16])        Zoledronic acid/ IV                  5 years                                   110               14
                                         Pamidronate/ IV                                                                                  
                                         Alendronate/ PO                                                                                  
                                         Ibandronate/ PO                                                                                  
  López-Cedrún et al. / 2013 ([@b26])    Alendronate/ PO                      3 years                                   9                 9
                                         Ibandronate/ PO                                                                                  
                                         Risedronate/ PO                                                                                  
  Diniz-Freitas et al. / 2012 ([@b27])   Alendronate/ PO                      6 to 132 months                           20                20
                                         Ibandronate/ PO                                                                                  
  -------------------------------------- ------------------------------------ ----------------------------------------- ----------------- ------------------------

BRONJ-related dental implant placement avoidance and treatment {#s1b}
--------------------------------------------------------------

Although the BRONJ-related dental implant surgery is rare, the possibility of occurrence is present. For patients who will receive BP, oral surgeons' role is to diagnose and treat any underlying susceptible pathologies and undergo invasive dental procedures that should be scheduled at least 3 months before the initiation of BP therapy. But when BP is mandatory such as in cancer patients, the dental treatment can be started simultaneously with BP, since it needs time to concentrate in the bone ([@b2]).

Patients on oral bisphosphonates for less than 3 years, which have at least one medical risk factor; serum CTX (C-terminal telopeptide, a specific marker of type 1 collagen, which is released by the resorbtive action of osteoclast) can be evaluated to assess the BRONJ risk. When CTX is more than 150 pg\\ml in the serum, the risk of BRONJ after implant placement is minimal ([@b2], [@b22]). If CTX is under this value, it is advised by the doctor to make drug holiday 3 months before the implant placement and 3 months after the implant placement ([@b5]). According to the American Dental Association Council on scientific affairs statements; discontinuing BP may not reduce the risk of BRONJ. The dentist should inform the patient about the alternative treatment options. The dentist should use mechanical and therapeutic maintenance of dental implants in order to prevent peri-implantitis development especially for these patients ([@b9]). For patients with established BRONJ; the right treatment aim is to eliminate symptoms, to prevent progression of the disease and to remove the diseased mobile bone. BRONJ is staged between 0 and 3 according to the severity of the symptoms and bone exposure. Regardless of what stage the patient is in, a 0.12% chlorhexidine oral rinse must be prescribed 3 times daily ([@b30]). For stage 2, where infection is accompanied by pain, antibiotic regimen (Penicillin 500 mg; 4 times daily) is recommended. For stage 3 that is normally characterized by severe pain, bone exposure and non-responsiveness to antibiotics can be managed generally by surgical debridement or resection ([@b2]). Based on a past study, 71-80% of the patients were improved by conservative measures alone. 120 BRONJ patients at different stages were treated; complete re-epithelization had occurred in 23% of invasive surgically treated patients ([@b30]).

Doh et al.([@b31]) described a case of BRONJ associated with dental implant placement. Treatment was made by activating the osteoblast activity by using Teriparatide (TPTD) therapy (a recombinant human PTH) in conjunction with conservative treatment. In this case separation of sequestrum and successful treatment with complete healing of epithelium was observed.

Conclusion
==========

The oral surgeons should discuss the benefit-risk ratio before implant placement with patients who are receiving bisphosphonates in order to decrease any future risks. Serum CTX levels of the patients needs to be be evaluated to assess the BRONJ risk before considering a dental implant treatment plan.
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